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ELECTRICALLY-POWERED LINEAR HEATING ELEMENT 


Background Of The Invention 

5 The present invention provides a heating 

element for use within a smoking device in which 
burning does not take place. More particularly, this 
invention relates to an electrically-powered heating 
element having a plurality of discrete electrically 
10 resistive heating segments, only one of which is active 
at any given time. The element is intended to heat a 
flavor-generating medium, which is contained within the 
device, without burning. As a result of this heating, 
the flavor-generating medium produces a flavored 
15 aerosol or vapor which the consumer may inhale. 

Previously known conventional smoking devices 
deliver flavor and aroma to the user as a result of 
combustion. During combustion, a mass of combustible 
material, primarily tobacco, is oxidized as the result 
20 of applied heat (typical combustion temperatures in a 
conventional cigarette are in excess of 800 °c during 
puffing). During this heating, inefficient oxidation 
of the combustible material takes place and yields 
various distillation and pyrolysis products. As these 
25 products are drawn through the body of the smoking 
device toward the mouth of the user, they cool and 
condense to form an aerosol or vapor which gives the 
consumer the flavor and aroma associated with smoking. 
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Such conventional smoking devices have 
various perceived drawbacks associated with them. 

Among these is the production of sidestream smoke which 
may be objectionable to non-smokers in the vicinity of 
5 the consumer of the device. 

An alternative to conventional smoking 
devices are those in which the combustible material 
itself does not directly provide the flavorants to the 
aerosol or vapor inhaled by the user. In these 
10 devices, a combustible heating element, typically 

carbonaceous in nature, is ignited and used to heat air 
which is then drawn through a zone which contains some 
means for producing a flavored aerosol or vapor upon 
interaction with the heated air. While this type of 
15 smoking device produces little or no sidestream smoke, 
it still shares some characteristics with conventional 
cigarettes which are perceived as undesirable. 

In both the conventional and carbon element 
heated smoking devices described above combustion takes 
20 place during their use. This process naturally gives 
rise to many by-products as the material supporting the 
combustion breaks down and interacts with the 
surrounding atmosphere. 

Additionally, the combustion process which 
25 takes place in both of the aforementioned types of 

smoking devices cannot be easily suspended by the user 
in order to allow storage of the smoking device for 
later consumption. Obviously a conventional cigarette 
may be extinguished prior to its being smoked to 
30 completion, but if the user wishes to save the 

remaining portion of the cigarette for later use, he is 
faced with the problem of storing a relatively small, 
ash laden paper tube; convenient storage for such an 
item would most likely not be readily available. Users 
35 of the carbon element heated combustible smoking 
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devices do not even have the option of extinguishing 
the device after it has been ignited, as the heating 
element contained within such devices is typically 
inaccessible to the user. Once lit, such carbon 
5 element smoking devices must be smoked to completion or 
discarded prior to completion while still burning. 

Accordingly, it is the object of the present 
invention to provide for an electrically-powered 
heating element for use within an article which will 
10 heat a flavor-generating medium without burning. This 
flavor-generating medium, as a result of the heating, 
would produce a flavored aerosol or vapor which the 
consumer could then inhale. Furthermore, the heating 
element disclosed is configured so as to allow the 
15 consumer to operate the device in a puff by puff 

manner, with the option of suspending the operation of 
the device after any given puff, prior to the depletion 
of the device. The device could then be conveniently 
stored until some later time at which the consumer 
,20 wished to resume operation. 

Summary Of The Invention 

This invention provides an electrically 
resistive linear heating element for use in a non¬ 
burning device. In a preferred embodiment the element 
25 consists of three component parts, namely a base 

region, an insulating region, and a heating region. 

Each heating region may consist of a single resistive 
heating segment, or be comprised of a plurality of 
electrically discrete resistive heating segments. In 
30 the former case, a plurality of heating elements would 
be used within a single device; in the latter, only a 
single heating element would be required. 

In operation, the heating element would be 
contained within a device, and the resistive heating 
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segments would be switchably connected to an electrical 
power source. Each element would be positioned within 
the device so that when power is supplied to a given 
resistive heating segment the heat produced by that 
5 segment would be transferred to a portion of a flavor¬ 
generating medium, thus heating the medium. When so 
heated, this flavor-generating medium would provide a 
flavored aerosol or vapor which the user of the device 
could inhale. The supply of electrical power to a 
10 given heating segment would be coincident with the user 
puffing the device. With each puff, a different 
heating segment within the device would be supplied 
with power, until all the segments within the device 
had been supplied with power once; at this point the 
15 device would be depleted. This switching of power 
between segments could be directly controlled by the 
user or triggered by control circuitry. 

Smoking devices employing heating elements 
made in accordance with the principles of the present 
^20 invention have certain advantages over combustion-type 
smoking devices. For example, such non-burning smoking 
devices give the user the sensation and flavor of 
smoking without actually creating some of the smoke 
components associated with combustion. This may allow 
25 the consumers of non-burning devices to enjoy the use 
of this device in areas where conventional smoking 
would be prohibited; such areas could include 
restaurants, offices, and commercial aircraft. 

In addition, the elimination of burning from 
30 the process also prevents the creation of many of the 
by-products of burning. Because the heating element of 
the present invention never reaches a temperature which 
is sufficient to induce burning, such by-products are 
never produced. 
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A further advantage of this electrically- 
powered heating element is that it is very efficient in 
its utilization of electrical energy in heating the 
flavor-generating medium which provides the consumer 
5 with a flavored aerosol or vapor. The heating element 
is intended to receive electrical energy only during 
those periods when the device is being puffed, and only 
one heating segment is to be active during any given 
puff. This economy of energy consumption allows for a 
10 reduction in the amount of space which must be occupied 
by the element's power source, thus enabling a device 
in which the present invention is employed to be 
contained in a package which is comparable in size and 
shape to a conventional cigarette. 

15 Moreover, the controllable nature of this 

invention allows the consumer to stop consuming the 
article prior to operating it to completion, and to 
continue consuming the article at some later time. 

Also, as only one heating segment within the device is 
20 active at any given time, the heat produced by the 

device at any given time remains relatively low. This 
low heat level allows the consumer to store a 
previously active, but unfinished device for later use, 
without concern as to the device's elevated 
25 temperature; the device may be stored almost 
immediately after it was last puffed. Such 
intermittent use and convenient storage is not 
practical with burning-type smoking devices. 

Furthermore, the nature of the construction 
30 of the heating element lends itself to economical, 
continuous production using simple manufacturing 
methods. 
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Brief Description Of The Drawings 

The above and other objects and advantages of 
this invention will be apparent on consideration of the 
following detailed description, taken in conjunction 
5 with the accompanying drawings, in which like reference 
characters refer to like parts throughout, and in 
which: 

FIG. 1A is a side view of a three component 
embodiment of the electrically-powered heating element 
10 having a plurality of individual heating segments; 

FIG. IB is a perspective view of the 
embodiment of the electrically-powered heating element 
of FIG. 1A; 

FIG. 1C is a perspective view of a portion of 
15 the heating element of FIG. 1A showing the connection 
of the individual heating segments to an electrical 
power source and switching means; 

FIG. 2A is a side view of a five component 
embodiment of the electrically-powered heating element 
'>20 having a plurality of individual heating segments; 

FIG. 2B is a perspective view of the 
embodiment of the electrically-powered heating element 
of FIG. 2A; 

FIG. 3 is a partial cutaway perspective view 
25 of a the embodiment of the electrically-powered heating 
element of FIG. 1A, and an electrical power source and 
switching means positioned within a device; 

FIG. 4 is a partial cutaway perspective view 
of the embodiment of the electrically-powered heating 
30 element of FIG. 2A, and an electrical power source and 
switching means positioned within a device; 

FIG. 5A is a side view of a three component 
electrically-powered heating element having a singular 
heating segment; 
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FIG. 5B is a perspective view of the 
embodiment of the electrically—powered heating element 
of FIG. 5A; 

FIG. 6A is a front view of an alternate 
5 embodiment of a three component electrically-powered 
heating element having a singular heating segment; 

FIG. 6B is a perspective view of the 
embodiment of the electrically-powered heating element 
of FIG. 6A; 

10 FIG. 7A is a partial cutaway perspective view 

of a portion of a smoking device showing the 
electrically-powered heating element of FIG. 6A 
positioned within; 

FIG. 7B is a front view of the embodiment of 
15 the electrically-powered heating element of FIG. 6A 
positioned within a device; 

FIG. 8A is a side view of a two component 
embodiment of the electrically-powered heating element 
having a plurality of individual heating segments; and 
•20 FIG. 8B is a perspective view of the 

embodiment of the electrically-powered heating element 
of FIG. 8A. 

Detailed Description Of The Invention 

A preferred embodiment of the linear heating 
25 element is shown in FIGS. 1A and IB. It comprises 

three planar component regions; namely a base region 1, 
an insulating region 2, and a heating region 3. 

In this three component embodiment the base 
region 1 provides for the physical support of the 
30 insulating and heating regions. The base region in 
this particular embodiment includes a metallic tape, 
such as aluminum foil tape. The tape, while being 
rigid enough to physically support the insulating and 
heating regions, can be flexible enough to facilitate 
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easy handling and resist fracturing during the 
manufacturing process. The metallic nature of the base 
region provides for the thermal stability of the 
heating element as most metals will not substantially 
5 deform or become chemically reactive at temperatures 
such as those encountered when the heating element is 
active. 

Adjoining the base region, and physically 
separating it from the heating region, is the 
10 insulating region 2. This insulating region must have 
a sufficiently low electrical conductivity so as to 
isolate the electrically resistive heating region from 
the electrically conductive metallic base region. Like 
the base region, the insulating region must be 
15 thermally stable at the elevated temperatures which the 
active heating element would produce. In addition, 
this region should have a sufficiently high heat 
capacity so as to sink and buffer undesirable heat 
pulses which may be inadvertently produced by the 
20 heating region. This buffering prevents the flavor¬ 
generating medium from burning, which could 
detrimentally affect flavor and aerosol or vapor 
delivery. The insulating region can be fabricated —\ 
using metallic oxidies, metallic nitrides, metallic 
25 carbides, metallic silicides, nonmetallic oxides, 

nonmetallic nitrides, nonmetallic carbides, nonmetallic 
silicides, metallic carbonitride, an inter-metallic 
compound, a cermet, or an alloy of more than one metal. 
This region can also be composed of a combination of 
30 the elements of the previously mentioned list, to 

achieve the non-conducting, thermally-insulating, and 
structural properties needed for operation. 

Such materials may be fabricated separately 
and then joined with the base material or applied to 
35 the base materials as a fabrication step: by a coating 
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process, a dip, mechanical pressing, slip casting, tape ' 
casting, extrusion, chemical vapor deposition, thermal 
spraying, plasma spraying, or any other method of 
pyrolytical or chemical deposition. 

5 Situated adjacent to the insulating region 

and opposite the base region is the heating region 3.- 
In this particular embodiment the heating region is not 
continuous in nature, rather it is comprised of a 
plurality of electrically discrete resistive heating 
10 segments 4. Each of the heating segments is situated 
so that it may be switchably connected to a power 
source in a manner which would allow current from the 
power source to be directed through a given segment 
thereby heating it. This switching of power to a 
15 particular segment could be directly controlled by the 
user or triggered by control circuitry. As illustrated 
in FIG. 1C, the connection between the heating 
segments 4 and an electrical power source and switching 
means 5 (such means includes any control circuitry) 

20 could be facilitated by conventional wires 6 attached 
to each of the segments. The resistivity of an 
individual heating segment must be such that when 
current flows through a given segment a temperature 
sufficient to induce the flavor-generating medium to 
25 produce an aerosol or flavor or vapor is achieved; 

typically this temperature is between about 100°C and 
600°C, preferably between about 250°-500°C and most 
preferably between about 350*-450°C. However, the 
resistivity cannot be so high as to impede the heating 
30 of the flavor-generating medium, using multiple 
batteries. Nor can it be so low that the power 
consumption requirement of the segment exceeds the 
capacity of the source. Typically, heating segments 
having resistances between 0.2 and 20.0 ohms, and 
35 preferably between 0.5 and 1.5 ohms, and most 
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preferably between 0.8 and 1.2 ohms, can achieve such 
operating temperatures when connected across a 
potential of between 2.4 and 9.6 volts. 

Throughout their range of operating 
5 temperatures, the heating segments must be chemically 
non-reactive with the flavor-generating medium being 
heated, so as not to adversely affect the flavor or 
content of the aerosol or vapor produced by the flavor¬ 
generating medium. The heating segments may be 
10 composed of carbon, graphite, carbon/graphite 
composites, metallic and non-metallic carbides, 
nitrides, silicides, inter-metallic compounds, cermets, 
alloys of metals, or Rare Earth and refractory metal 
foils, and may be deposited using any of the methods 
15 which were previously specified as being suitable for 
the deposition of the insulating region. Alterna¬ 
tively, they may be fabricated separately and laminated 
or otherwise assembled. Different materials can be 
mixed to achieve the desired properties of resistivity, 
,20 mass, thermal conductivity and surface properties. The 
preferred materials are graphite-carbon composites. 

An additional preferred embodiment is shown 
in FIGS. 2A and 2B. A base region 1 is adjoined on two 
opposing sides by insulating regions 2, and a heating 
25 region 3 is situated adjacent to each of these 

insulating regions and opposite the base region. As in 
the previously described embodiment, each of the 
heating regions is comprised of a plurality of 
electrically-discrete resistive heating segments 4. 

30 Each of these component regions is similar in 

composition, fabrication, and physical characteristics 
to the like named regions which were disclosed in the 
description of the first embodiment. The operation of 
this five component embodiment of the heating element 
35 is primarily the same as that of the three component 
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embodiment. The heating segments would be connected to 
a power source and switching means by conventional 
wires, as in the previously described three-component 
embodiment, with the exception that in the instant 
5 embodiment the heating segments would be switchably 
connected to a power source and switching means in a 
manner where two segments would be active at a given 
time. During a puff, power would be supplied to a pair 
of heating segments, one in each of the two heating 
10 regions, such a two-sided heating element would 

increase the surface area of flavor-generating medium 
adjacent to an active heating segment during a puff. 

All of the embodiments of the heating element 
which have been heretofore described may be situated 
15 within a cylindrical device having an outside diameter 
of between 6 and 18 millimeters. As shown in FIG. 3, 
the heating element 7 is mounted axially within the 
body 8 of a device in such a manner as to allow the 
consumer of the device to draw air from the far end 9 
« 20 of the device, causing the air. to pass over the 

element, and exit at the mouthpiece end 10 of the 
device. The power source and switching means 5 for the 
element is shown to be attached to the interior wall of 
the device in a manner which would not interfere with 
25 the flow of air through the device (for the sake of 

visual clarity, the wiring connecting the power source 
and switching means and the individual heating segments 
is not shown). 

FIG. 4 shows a five component segmented 
30 heating element 7 similarly situated within a smoking 
device 8. Again the consumer may draw air from the far 
end 9 of the device, past the power source and 
switching means 5, over the element 7, and out of the 
mouthpiece end 10 of the device (as in FIG. 3, the 
35 wiring connecting the power source and switching means 
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and the individual heating segments is not shown). In 
an alternative embodiment, air can also enter through 
the outside wall of the device, pass around the heater 
array, and then exit the mouth end 10. 

5 Although all regions have been shown in the 

figures as being planar and rectangular, they may also 
be curled or spiral, to achieve the required surface 
area for heating within the size of the device. 

Yet another preferred embodiment of the 
10 linear heating element is shown in FIGS. 5A and 5B. It 
includes three planar component regions; namely a base 
region 1, an insulating region 2, and a heating region 
3. In this three-component embodiment, the base 
region 1, the insulating region 2, and the heating 
15 region 3 are similar in composition and function to the 
like-named regions in the previously described 
embodiments. However, the heating region is comprised 
of a singular, continuous, electrically resistive area, 
as opposed to a plurality of discrete resistive heating 
20 segments. 

FIGS. 6A and 6B show an alternative preferred 
embodiment of the heating element, which is identical 
in all respects to the above described embodiment, 
except that the component regions are arched rather 
25 than planar in nature. 

The embodiments of the heating element which 
have a single resistive heating segment may be employed 
within a device which is similar in size and shape to a 
conventional cigarette. As pictured in FIG. 7A, a 
30 plurality of these heating elements 7 are situated 

radially within the body of device 8 in such a manner 
as to allow the user of the device to draw air from the 
far end of the device, or through the exterior wall, 
into channels 11, which allow the air to pass over the 
35 elements before exiting at the mouthpiece end of the 
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device. The power source and switching means for the 
element could be housed anywhere within the central 
core 12 of the device, without regard to obstructing 
the air flow through the device (such flow is 
5 facilitated by the channels 11 within the body of the 
device 8). FIG. 7B is cross-sectional view of such a 
smoking device showing the base region 1, insulating 
region 2 and heating region 3 of the heating 
elements 7, which are radially arranged within the body 
10 of the device 8. 

In all of the previously described 
embodiments, the base region has been a metallic tape; 
however, in any of the above embodiments, this region 
could alternately be comprised of a foam mat, or a 

15 woven or non-woven fiber mat. Materials such as -> 

graphite, carbon, a metallic carbonitride, silicon 
dioxide, silicon carbide, or alumina could be used to 
fabricate the base region mat. The mat, while being 
rigid enough to physically support the heating and 
<20 insulating regions, can be flexible enough to 

facilitate easy handling and resist fracturing during 
the manufacturing process. In addition, the base 
region mat must be thermally stable at high 
temperatures to ensure that it will not react with the 
25 neighboring heating region or decompose at elevated 
temperatures produced when the heating element is 
active. 

When employed as a base region, a mat 
provides certain advantages over a solid tape. Unlike 
30 a tape, the mat is comprised of either a large number 
of individual fibers (with voids existing between those 
fibers), or a foam having many minute voids located 
throughout its structure. By impregnating the mat with 
a flavor-generating medium, thus filling the voids in 
35 that mat with the flavor-generating medium, a 
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relatively large amount of the flavor-generating medium 
may be brought within close proximity of the resistive 
heating segments of the heating element. Such an 
arrangement would promote the efficient heating of the 
5 flavor-generating medium. The fibers or foam structure 
of the base region would provide an effective means of 
channeling the heat produced by the resistive heating 
segments to the flavor-generating medium, while at the 
same time sinking some of the heat so as to buffer the 
10 flavor-generating medium from any undesirable heat 

pulses, which might otherwise result in the burning of 
the flavor-generating medium. 

In any of the above described embodiments, 
regardless of whether the base region was comprised of 
15 a tape or a mat, the insulating region could be 

eliminated if the base region were to be fabricated 
from a material which would permit the heating segments 
to be placed in direct contact with it. That is to 
say, the base material would have to remain chemically 
,20 and physically stable when directly exposed to the 

elevated temperatures of the active heating segments. 

In addition, such a base material would have to have a 
low enough electrical conductivity so as to insure that 
the individual heating segments remained electrically 
25 isolated from each other. The base region material 
would also have to exhibit a sufficiently high heat 
capacity so as to sink and buffer undesirable heat 
pulses which may be inadvertently produced by the 
heating region. However, it must not be so high as to 
30 impede the heating of the flavor-generating medium to a 
temperature sufficient to allow the production of an 
aerosol or vapor. This buffering would protect the 
flavor-generating medium from burning, which could 
detrimentally affect flavor and aerosol or vapor 
35 delivery. Alumina and other ceramic materials could be 
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used to fabricate such a base region. Metallic and - 

nomnetallic carbides, nitrides, silicides, oxides, v 

metallic carbonitrides, inter-metallic compounds, and j 
cermets {ceramic/metallic composites) can also be used j 
5 to produce the mat material and to tailor the specific—^/ 
properties or resistivities, heat capacity, mass, 
surface area and texture for optimum performance. An 
example of such an embodiment is illustrated in 
FIGS. 8A and 8B. The heating region 3, composed of a 
10 plurality of discrete resistive heating segments 4, is 
adjacent to the base region 1. 

Furthermore, in any of the above described 
embodiments, an additional protective region could be 
deposited which would envelop the heating region. Such 
15 a region would only be needed when the material which 
formed the heating region proved to be chemically 
reactive with the flavor-generating medium to be 
heated. This protective region would physically 
isolate the heating region from the flavor-generating 
>20 medium, and would prevent any undesirable effects upon 
the flavor or content of the aerosol or vapor produced 
by the flavor-generating medium during heating. 

Naturally, the protective region must itself be formed 
of a material which is stable at elevated temperatures 
25 and chemically non-reactive with the flavor-generating 
medium. The protective region must also have a 
sufficiently low electrical conductivity so as not to 
compromise the electrical isolation of the discrete 
resistive heating segments. Finally, the thermal 
30 conductivity of such a protective region must be high 
enough to allow a sufficient quantity of heat to be 
transferred from each heating region to the flavor¬ 
generating medium to facilitate the production of an 
aerosol or vapor by the flavor-generating medium. The 
35 protective region could be fabricated from materials 
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such as graphite, silicate glass, high-temperature 
vitreous enamel, metallic and nonmetallic oxides, 
carbides, nitrides, silicides, or metallic carbo- 
nitride, or cermet. Such materials may be applied to 
5 the heating element by a coating process, a dip, 
mechanical pressing, slip casting, tape casting, 
chemical vapor deposition, extrusion, thermal spraying, 
plasma spraying, or any other method of low 
temperature, pyrolytical, or chemical deposition. 

10 It will be understood that the particular 

embodiments described above are only illustrative of 
the principles of the present invention, and that 
various modifications could be made by those skilled in 
the art without departing from the scope and spirit of 
15 the present invention, which is limited only by the 
claims that follow. 
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What is claimed is: 

1. An electrically-powered linear heating 
element for a device comprising: 

a linear base member; 

an electrically-resistive linear heating 
member switchably connectable to an electrical power 
source, said heating member having a resistivity which, 
when said heating member is connected to said power 
source, causes the heating member to attain a 
temperature sufficient to heat, without burning, a 
flavor-generating medium which is in thermal contact 
with sa id h eating member; and 

a linear insulating member secured 
between the base member and the heating member, said 
insulating member having an electrical resistance 
sufficiently high to electrically isolate the heating 
member from the base member, said insulating member 
also having a thermal conductivity sufficiently low to 
thermally isolate the heating member from the base 
member. 


2. The electrically-powered heating element 
of claim 1 wherein the electrically-resistive heating 
member comprises a plurality of electrically-discrete 
resistive segments, each of which is switchably and 
independently connectable to an electrical power 
source. 


3. The electrically-powered heating element 
of claim 1 wherein the electrically-resistive heating 
member has a resistance of between 0.2 and 20.0 ohms. 

4. The electrically-powered heating element 
of claim 3 wherein the electrically-resistive heating 
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member has a resistance of between about 0.5 and 1.5 
ohms. 


5. The electrically-powered heating element 
of claim 4 wherein the electrically—resistive heating 
member has a resistance of between about 0.8 and 1.2 
ohms. 


6. The electrically-powered heating element 
of claim 1 wherein the heating element is of a size 
which could be contained within a smoking device having 
an outside diameter of between 6 and 18 millimeters. 

7. An electrically-powered linear heating 
element for a smoking device comprising: 

a linear base member; 

a pair of electrically-resistive linear 
heating members switchably connectable to an electrical 
power source, each of said heating members having a 
resistivity which, when each member is connected to 
said power source, causes each of the heating members 
to attain a temperature sufficient to heat a flavor¬ 
generating medium which is in thermal contact with said 
heating members without burning; and 

a pair of linear insulating members, 
each disposed along a respective side of the base 
member and secured to a respective one of the resistive 
heating members, said insulating members having an 
electrical resistance sufficiently high to electrically 
isolate the heating members from the base member, said 
insulating member also having a thermal conductivity 
sufficiently low to thermally isolate the heating 
member from the base member. 
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8. The electrically-powered heating element 
of claim 7 wherein each electrically-resistive heating 
member comprises a plurality of electrically-discrete 
resistive segments, each of which is switchably 
connectable to an electrical power source. 

9. The electrically-powered heating element 
of claim 7 wherein the electrically-resistive heating 
member has a resistance of between 0.2 and 20.0 ohms. 

10. The electrically-powered heating element 
of claim 9 wherein the electrically-resistive heating 
member has a resistance of between about 0.5 and 1.5 
ohms. 


11. The electrically-powered heating element 
of claim 10 wherein the electrically-resistive heating 
member has a resistance of between about 0.8 and 1.2 
ohms. 

V 

12. The electrically-powered heating element 
of claim 7 wherein the heating element is of a size 
which could be contained within a smoking device having 
an outside diameter of between 6 and 18 millimeters. 

13. The electrically-powered heating element 
of claims 1 or 7 wherein the base member comprises an 
element selected from the group consisting of metallic 
tape, metallic or nonmetallic oxide, carbides, 
nitrides, silicides, carbonnitrides, inter-metallic 
compounds, and cermet. 

14. An electrically-powered linear heating 
element for a smoking device comprising: 
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an electrically-resistive linear heating 
member switchably connectable to an electrical power 
source, said heating member having a resistivity which, 
when said heating member is connected to said power 
source, causes the heating member to attain a 
temperature sufficient to heat a flavor-generating 
medium which is in thermal contact with said heating 
member; and 

a linear base member secured to said 
heating member, said base member comprising an 
electrically-insulating material capable of maintaining 
its structural integrity and chemical inertness 
throughout the range of operating temperatures of the 
heating member. 

15. The electrically-powered heating element 
of claim 14 wherein the electrically-resistive heating 
member comprises a plurality of electrically-discrete 
resistive segments, each of which is switchably and 
independently connectable to an electrical power 
source. 


16. The electrically-powered heating element 
of claim 14 wherein the electrically-resistive heating 
member has a resistance of between 0.2 and 20.0 ohms. 

17. The electrically-powered heating element 
of claim 16 wherein the electrically-resistive heating 
member has a resistance of between about 0.5 and 1.5 
ohms. 


18. The electrically-powered heating element 
of claim 17 wherein the electrically-resistive heating 
member has a resistance of between about 0.8 and 1.2 
ohms. 
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19. The electrically-powered heating element 
of claim 14 wherein the heating element is of a size 
which could be contained within a smoking device having 
an outside diameter of between 6 and 18 millimeters. 

20. An electrically-powered linear heating 
element for a smoking device comprising: 

a pair of electrically-resistive linear 
heating members switchably connectable to an electrical 
power source, each of said heating members having a 
resistivity which, when each member is connected to 
said power source, causes each of the heating members 
to attain a temperature sufficient to heat a flavor¬ 
generating medium in thermal contact with said heating 
members; and 

a linear base member, secured and 
interposed between each of said heating members, 
comprising an electrically-insulating material capable 
of maintaining its structural integrity and chemical 
inertness throughout the range operating temperatures 
of the heating members. 

21. The electrically-powered heating element 
of claim 20 wherein each electrically-resistive heating 
member comprises a plurality of electrically-discrete 
resistive segments, each of which is switchably 
connectable to a power source. 

22. The electrically-powered heating element 
of claim 20 wherein the electrically-resistive heating 
member has a resistance of between 0.2 and 20.0 ohms. 

23. The electrically-powered heating element 
of claim 22 wherein the electrically-resistive heating 
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member has a resistance of between about 0.5 and 1.5 
ohms. 


24. The electrically-powered heating element 
of claim 23 wherein the electrically-resistive heating 
member has a resistance of between about 0.8 and 1.2 
ohms. 




f 

} 



25. The electrically-powered heating element 
of claim 20 wherein the heating element is of a size 
which could be contained within a smoking device having 
an outside diameter of between 6 and 18 millimeters. 

26. The electrically-powered heating element 
of claims l, 7, 14, or 20 wherein the base member 
comprises a mat of non-woven fibers- 

27. The electrically-powered heating element 
of claims l, 7, 14, or 20 wherein the base member 
comprises a mat of.woven fibers. 

28. The electrically-powered heating element 
of claims 1, 7 r 14, or 20 wherein the heating element 
is encased in a protective coating, said protective 
coating providing a physical and chemical barrier 
between the heating element and its surroundings, and 
being substantially chemically non-reactive with the 
other components of the heating element and with the 
environment in which the heating element is to be used. 

29. The electrically-powered heating element 
of claims 1 or 7 wherein the base member comprises a 
metallic tape, and wherein the heating element is 
encased in a protective coating, said protective 
coating providing a physical and chemical barrier 
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between the heating element and its surroundings, and 
also being substantially chemically non-reactive with 
the other components of the heating element and with 
the environment in which the heating element is to be 
used* 




\ 
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We: Seetharama C. Deevi and Francis M. 
Sprinkel declare that we are? REDAC t 5D 

REDACTED REDACTED 

that we verily believe ourselves to be the 
original, first and joint inventors of the invention or 
discovery in: 

ELECTRICALLY-POWERED LINE&R HEATING ELEMENT 
which is described and claimed in the attached 
specification and for which a patent is sought; 

that we have reviewed and do understand the 
content of said specification, including the claims, 
and acknowledge our duty to disclose information, of 
which we are aware, which is material to the 
examination of this application in accordance with 
Title 37, Code of Federal Regulations, S 1.56(a); 

that we do not know and do not believe that 
this invention or discovery was ever known or used in 
the United States of America before our invention or 
discovery thereof, or patented or described in any 
printed publication in any country before our invention 
or discovery thereof, or more than one year prior to 
this application; or in public use or on sale in the 
United States of America more than one year prior to 
this application; that this invention or discovery has 
not been patented or made the subject of an inventor’s 
certificate issued before the date of this application 
in any country foreign to the United States of America 
on an application filed by us or our legal represent¬ 
atives or assigns more than twelve months prior to this 
application; and that no application for patent or 
inventor’s certificate on this invention or discovery 
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has been filed in any country foreign to the United 
States of America by us or our legal representatives or 
assigns; 

and we hereby appoint James E. Schardt, Esq., 
Reg. No. 23,033, Charles B. Smith, Reg. No. 16,763, 
Albert E. Fey, Esq., Reg. No. 19,018, W. Edward Bailey, 
Esq., Reg. No. 30,994, and Jeffrey H. Ingerman, Reg. 

No. 31,069, our attorneys, with power of substitution, 
and with power of appointment of associate attorneys, 
and of revocation of their powers, to prosecute this 
application and any divisions, continuations in whole 
or in part, renewals and reissues of the same, and to 
transact all business in the Patent and Trademark 
Office connected therewith; 

and we request that communications be sent 

to: 

Charles B. Smith, Esq. 

c/o Fish & Neave 

875 Third Avenue 

New York, New York 10022-6250 

\ and that telephone calls be directed to: 

Charles B. Smith, Esq. 

(212) 715-0600. 

Wherefore, we pray that Letters Patent be 
granted to us for the invention or discovery described 
and claimed in the attached specification and claims, 
and we hereby subscribe our names to the foregoing 
specification and claims, declaration, and power of 
attorney. 

We declare, further, that we understand the 
English language and that all statements made herein of 
our own knowledge are true, and that all statements 
made on information and belief are believed to be true; 
and, further, that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both. 
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under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the applica¬ 
tion or any patent issuing thereon* 
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ASSIGN‘M'ENT 


WHEREAS, we, Seetharama C. Deevi and 
Francis M. Sprinkel, residing respectively at 


REDACTED 


REDACTED 


REDACTED_,_* 

have made 


an invention in: 


ELECTRICALLY-POWERED LINEAR HEATING ELEMENT 
and are about to make application for United States 
Letters Patent therefor, the same being executed by us 
on even date herewith; and 

WHEREAS, PHILIP MORRIS’ INCORPORATED, a 
corporation organized and existing under the laws of 
the State of Virginia and having an office and place of 
business at 120 Park Avenue, New York, New York 10017, 
is desirous of acquiring the entire interest in said 
invention for the United States, in said United States 
patent application, and in any United States Letters 
Patent which may issue thereon; and 

WHEREAS, PHILIP MORRIS PRODUCTS INC., a 
corporation organized and existing under the laws of 
the State of Virginia and having an office and place of 
business at 3601 Commerce Road, Richmond, Virginia 
23234, is desirous of acquiring the entire interest in 
said invention outside of the United States, in any 
foreign patent applications, and in any foreign Letters 
Patent which may issue thereon; 

NOW, THEREFORE, be it known that for and in 
consideration of the sum of One Dollar ($1.00) to each 
of us paid and other good and valuable consideration, 
the receipt and sufficiency of which is hereby 
a cknowledged; 

1. We do hereby sell, assign and transfer 
unto the said PHILIP MORRIS INCORPORATED, its 
successors, assigns and legal representatives, all 
right, title and interest in and to said invention and 
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any improvements thereon for the United States, and in 
and to said United States patent application, including 
any continuations and divisions thereof, and any 
substitute applications therefor and all right, title 
and interest in and to any United States patent which 
may issue thereon and any reissues of the same; and we 
hereby authorize and request competent authorities to 
grant and issue any and all patents on said invention 
in the United States to the said PHILIP MORRIS 
INCORPORATED as the assignee of the entire United 
States interest therein* 

2. we do hereby sell, assign, and transfer 
unto the said PHILIP MORRIS PRODUCTS INC*, its 
successors, assigns and legal representatives, all 
right, title and interest in and to said invention and 
any improvements thereon for all foreign countries, 
******* including the right to claim priority under the 

International Convention based on said United States 
patent application, and all right, title and interest 
% in and to every foreign patent application filed or to 
be filed on said invention in any foreign country, 
including renewals, revivals, continuations and 
divisions thereof, and any substitute applications 
therefor, and any and all patents which may issue 
thereon, and any reissues and extensions of the same; 
and we hereby authorize and request competent 
authorities to grant and issue any and all patents on 
said invention in any foreign country to the said 
PHILIP MORRIS PRODUCTS INC* as the assignee of the 
entire foreign interest therein. 

We further agree to execute upon request of 
the assignees such additional documents, if any, as are 
necessary and proper to secure patent protection on 
said invention throughout all countries of the world, 
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and to otherwise give full effect to and perfect the rights of the 
assignees under this Assignment, 

IN TESTIMONY THEREOF, we have hereunto signed our names and 
affixed our seals on the dates indicated hereinafter: 


•M 

<tsL j,_V 




(Date) 


Seetharama C. Deevi 


*1 


STATE OF VIRGINIA ) 


as.: 


CITY OF RICHMOND 


> 


On this ml day of November, 1989, appeared before me in 
person the above-named Seetharama C. Deevi and acknowledged the above 
to be his signature and that he signed, sealed and delivered the above 
instrument as his voluntary act and deed, and for the uses and pur¬ 
poses therein set forth. 


(Notarial seal) 



£ /^2ozL 


Notary Public 

My Commission Expires: 
February 26, 1993 


Francis M. Sprinkel ^ 


STATE OF VIRGINIA 


CITY OF RICHMOND 


On- this 


30) t 


day of November, 1989, appeared before me in 


person the above-named Francis M. Sprinkel and acknowledged the above 
to be his signature and that he signed, sealed and delivered the above 
instrument as his voluntary act and deed, and for the uses and pur¬ 
poses therein set forth. 


(Notarial seal) 




Notary Public 



My Commission Expires: 
February 26, 1993 
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ABSTRACT 

A heating element for use within a smoking 
device which, without burning, heats a flavor¬ 
generating medium within the device to produce an 
5 aerosol, vapor, or flavor, which the consumer may 
inhale. More particularly, an electrically-powered 
heating element having a plurality of discrete 
resistive heating segments, only one of which is active 
at any given time. In a preferred embodiment, the 
10 heating element is contained within the device so that 
the individual heating segments of the element are 
adjacent to a flavor-generating medium. As each 
\ segment of the heating element is provided with power, 
the flavor-generating medium adjacent to that segment 
15 is heated, but is not burned. This heating causes the 
flavor-generating medium to produce a flavor, aerosol, 
or vapor, which the consumer of the device may inhale. 
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